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Abstract 



It is to provide a surface emitting semiconductor laser device having a long life time and uniform light 
output characteristics.A periphery of an upper surface and a side surface of a mesa structure is covered 
with a silicon oxide nitride film 34 as an inorganic insulating film, the mesa structure comprising a lower 
DBR 16 of a first conductive type formed on a first primary surface of an n-type GaAs substrate 12, 
having formed thereon an active region 24, an upper DBR 26 containing an AlAs layer 32 as the 
lowermost layer, and a p-type GaAs contact layer 28 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surface emitting semiconductor laser device and a process for 
producing the same, and, particularly, relates to a so-called selective oxidation type surface emitting 
semiconductor laser device and a process for producing the same. 

2. Description of the Related Art 

A highly densified semiconductor laser array is demanded as a light source of light communication and 
an optical computer. In a semiconductor laser array, plural semiconductor laser devices are arranged at 
certain intervals, and the laser devices are controlled independently. A edge emitting semiconductor 
laser device is not suitable as a semiconductor laser array because it can only be one-dimensionally 
arranged on one substrate. On the other hand, a surface emitting semiconductor laser device is 
promising because it can be two-dimensionally arranged on one substrate to have an advantage in 
production of a matrix array of high precision and high density. 

A vertical cavity surface emitting semiconductor laser device, as one of the surface emitting 
semiconductor laser device, comprises an active region comprising an active layer and a spacer layer, 
and a pair of distributed Bragg reflectors (DBR) sandwiching the active region, in which an oscillator is 
constituted by the DBR, which emits light in a normal direction with respect to the substrate. The 
surface emitting semiconductor laser device is characterized in that the emission angle is small, the 
longitudinal mode interval is large, and an array can be easily formed, in comparison with the facet 
radiation semiconductor laser device. 

An example of the vertical resonance surface emitting semiconductor laser device is a so-called 
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selective oxidation surface emitting semiconductor laser device, which is ob ained by inserting Alx Ga1- 
X As (0 98 ltoreq.x.ltoreq.1) in the vicinity of the active region, and oxidizing the outer peripheiy of the 
inserted Alx Ga1 -x As with steam to realize electric current confinement. One example thereof 
disclosed in AddI Phvs Lett vol. 65, No. 1, p. 97-99 (1994) has the structure shown in FIG. 4, in 
which a triple quantum well active layer comprising lnO.2 GaO.8 As is sandwiched by a DBR comprising 
GaAs/AIAs. provided that the p-type DBR comprises only a pair of GaAs/AIAs, and the GaAs layer is 
attached as the upper layer. In the production of the selective oxidation surface eT^'tt'^S semiconductor 
laser device, the p-type GaAs is first worked into a circular shape having a diameter of 30 or 60 .mu m 
by using a photolithography process and a wet etehing process. The exposed p-type AlAs layer is then 
subjected to a heat treatment in a furnace heated to 475 DEG C. for about 3 minutes. On the heat 
treatment, steam is obtained by bubbling nitrogen, as a carrier gas, in deionized water maintained at 95 
DEG C has already been introduced in the fumace. The exposed AlAs layer is gradually oxidized in 
the horizontal direction, and finally a region of from 2 to 8 .mu.m square is formed that remains not 
oxidized The oxidized region becomes aluminum oxide, which substantially does not let an electric 
current pass, to realize electric current confinement, and a refractive index distnbution is formed 
between the aluminum oxide thus formed and the AlAs remaining to lower the threshold electnc 
current 

One example thereof disclosed in SPIE. vol. 2683, p. 1 14-122 (1996) has the structure shown in FIG. 
5 in which a triple quantum well active region comprising InGaAs is sandwiched by a pair ot 
semiconductor DBRs. Layers of AI0.98 Ga0.02 As are inserted on and below the active region and. 
after forming a mesa structure by etching until both the A10.98 Ga0.02 As layers are exposed, the 
AlO 98 GaO 02 As layers are then oxidized by using steam. The literature descnbes that a life tinie or 
2.500 hours or more could be obtained by inserting the AI0.98 Ga0.02 As layers in the vicinity of the 
active region. 

However in the case where AI0.98 Ga0.02 As having a high Al concentration is oxidized with steam by 
using nitrogen as a carrier gas, a slight fluctuation of the Ga concentration influences the oxidation rate 
as shown in Electronics Lett. vol. 30. No. 24. p. 2043-2044 (1994). For example, the oxidation rate of 
AlAs is five times that of AI0.98 Ga0.02 As. Because the size of the electnc current confinement region 
obtained by oxidizing a part of the Alx Gal-x As largely influences the threshold electnc current and the 
horizontal mode stability of the surface emitting semiconductor laser device, the control of the oxidation 
rate ie the control of the composition of the Alx Gal-x As, is important in production of a device 
having uniform optical output characteristics with good reproducibility. However, techniques required in 
the composition control of the Alx Gal-x As, for example, the flow rate control, is of a more advanced 
nature than that in the DBR and the active region. 

In the case where AlAs (x=1) is used, the composition control becomes easier than the case of Alx 
Gal-x As (x.noteq.1). and the uniformity and the reproducibility of the device are increased. However, 
as described in AppI, Phys. Lett., vol. 69, No. 10, p. 1385-1387 (1996), there is a tendency that the 
mesa structure is dropped off after sudden temperature rise after oxidation (which is considered to 
correspond to a heat treatment to form an ohmic contact of the upper electrode), and the life time of the 
surface emitting semiconductor laser device is as short as 100 hours or less. 

SUMMARY OF THE INVENTION 

The invention has been developed to solve the problems associated with the conventional technique. 

An object of the invention is to provide a surface emitting semiconductor laser device having uniform 
optical output characteristics and a long lifetime, and a process for producing the surface emitting 
semiconductor laser device. The invention relates to, as a first embodiment, a surface emitting 
semiconductor laser device comprising a substrate, a distributed Bragg reflector film of a first 
conductive type formed on a first principal surface of the substrate, an active region formed on the 
reflector film, a distributed Bragg reflector film of a second conductive type formed on the active layer 
and a control layer formed by oxidizing a part of at least one AlAs layer in the vicinity of the active layer, 
a mesa structure containing from an upper part of the distributed Bragg reflector layer of the second 
conductive type through the control layer being formed, wherein an inorganic insulating film is 
laminated to cover a peripheral part of an upper surface and a side surface of the mesa structure. 

The invention also relates to, as a second embodiment, a surface emitting semiconductor laser device 
comprising an insulating substrate, a buffer layer of a first conductive type formed on the insulating 
substrate a distributed Bragg reflector film of the first conductive type formed on the buffer layer, an 
active region formed on the reflector film, a distributed Bragg reflector film of a second conductive type 
formed on the active layer, and a control layer formed by oxidizing a part of at least one AlAs layer in 
the vicinity of the active layer, plural mesa structures containing from the distnbuted Bragg reflector 
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layer of the second conductive type through the buffer layer being formed, wherein an inorganic 
insulating film is laminated to cover a peripheral part of an upper surface and a side surface of the 
mesa structures, and an organic film is laminated in the region among the respective mesa structures. 

The inorganic insulating film may comprise silicon oxide, silicon nitride and/or silicon oxide nitride, and 
the inorganic insulating film may be formed by a plasma-assisted chemical vapor deposition method. 

The invention further relates to, as a third embodiment, a process for producing a surface emitting 
semiconductor laser device comprising the steps of: laminating, on an insulating substrate, a buffer 
layer of a first conductive type, a distributed Bragg reflector film of the first conductive type, an active 
region, at least one AlAs layer in a vicinity of the active region, a distributed Bragg reflector film of a 
second conductive type, and a contact layer having the second conductive type; forming plural mesa 
structures containing from the contact layer through the distributed Bragg reflector film of the first 
conductive type; selectively oxidizing a part of the AlAs layer; forming, on the buffer layer, a lower 
electrode capable of forming an ohmic contact with the buffer layer; laminating an inorganic insulating 
film to cover the mesa structures; removing a part of the inorganic insulating film and the buffer layer to 
make the respective mesa structures independent, so as to complete the mesa structures; laminating 
an organic insulating film to be embedded in regions among the respective mesa structures; removing 
the organic insulating film until the inorganic insulating film on an upper surface of the mesa structures 
is exposed; removing the central part of the inorganic insulating film on the upper surface of the mesa 
structures; and forming an upper electrode in contact with an exposed part on the upper surface of the 
mesa structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a surface emitting semiconductor laser device of Example 1 
according to the invention. 

FIG. 2 is a cross-sectional view showing a surface emitting semiconductor laser device of Example 2 
according to the invention. 

FIG. 3 is a graph showing a result of a life time test of a surface emitting semiconductor laser device 
produced in Example 1 . 

FIG. 4 is a cross-sectional view showing a conventional surface emitting semiconductor laser device. 

FIG, 5 is a cross-sectional view showing another conventional surface emitting semiconductor laser 
device. 

DETAILED DESCRIPTION OF THE INVENTION 

The surface emitting semiconductor laser device according to the invention comprises a substrate, a 
distributed Bragg refiector film of a first conductive type formed on the substrate, an active region 
formed on the reflector film, a distributed Bragg reflector film of a second conductive type formed on the 
active layer to face the distributed Bragg reflector film of the first conductive type, and a control layer 
formed by oxidizing at least one AlAs layer in a vicinity of the active layer, and a mesa structure 
containing from an upper part of the distributed Bragg reflector layer of the second conductive type 
through the control layer is formed. The control layer may be formed above the active region or may be 
formed under the active region. In the case where the control layer is formed above the active region, 
the control layer may be the undemnost layer of the distributed Bragg reflector film of the second 
conductive type. A contact layer having the second conductive type may be formed on the distributed 
Bragg reflector film of the second conductive type, and in this case, the mesa structure contains the 
contact layer. A buffer layer of the first conductive type may be fomned between the substrate and the 
distributed Bragg reflector film of the first conductive type. The surface emitting semiconductor laser 
device of the invention may have plural mesa structures. In this case, the substrate comprises an 
insulating material to insulate the respective mesa structures; a buffer layer of the first conductive type 
is formed between the substrate and the distributed Bragg reflector film of the first conductive type; and 
the mesa structure contains from the distributed Bragg reflector layer of the second conductive type (or 
the contact layer when it exists) to the buffer layer. 

As the substrate used in the invention, materials known has a substrate, such as GaAs, InP, AIGaAs 
and sapphire, may be used. As the buffer layer, GaAs may be used. As the distributed Bragg reflector 
film, AIGaAs and GaAs may be used. In order to withdraw emission light from the upper surface of the 
mesa structure, the reflectivity of the distributed Bragg reflector film of the first conductive type must be 
higher than that of the distributed Bragg reflector film of the second conductive type. As the active 
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r>oA<= inraAc inRsAsP and GalnNAs may be used. As the contact layer of the second 
SSuctfve woe G^As or^he Hke m^^^^^^^ The layers and the substrate are subjected to doping 
Spenlg on'necestfty AS a dopan^^ silicon or selenium may be used for n-type. and carbon. z,nc. or 
magnesium may be used for p-type. 

In the invention an inorganic insulating film is formed to cover the peripheral part of the "PPer surface 
and the sfde sSrflce of the mesa structure. As the inorganic insulating film, sihcon ox.de. s.hcon nitnde 
and/or silicon oxide nitride may be used. 

In the case where the surface emitting semiconductor laser device of the invention has plural mesa 
s"r?c!ureran o?S film is embedded in regions among the respective mesa structures. I is preferred 
S?he o%anic film S completely fills the steps among the respective mesa structures. As the organic 
Sm a poS?e hTv ng h?gh heat resistance may be used. Even in the case where the surface emitting 
sLmiconductortasIr devici of the invention has a single mesa structure, an organic film may be formed 
to fill the steps formed due to the formation of the mesa structure. 

A orocess for producing the surface emitting semiconductor laser device will be described below. A 
buffer Tave of a first^^^^^ type is fomied on a substrate (in the case where plural mesa structures 

are forS a diSJ^uted BraggTe'flector film of the first conductive ^JP^ 'fjfj"^ 
th«. hiiffpr laver of the first conductive type; an active region is fbnned on the distnbuted Bragg reriecror 
Sm ofme S cSnducSve type; at least one AlAs layer is formed above or under the active region in the 
viSnt^?th?aSe re JonTa distributed Bragg reflector film of a second ^'"d^^tive typej fon^^^ 
Se active region or the AlAs layer; and a contact layer of the second conductive type s orn^ed on the 
distributed B?agg reflector film of the second conductive type (depending on necessity). In the case 
where a sinq e mesa structure is formed, a lower electrode is fomed on the surface of the substrate 
onJisite to thi surface on which the layers described above are formed. As a method for forming the 
SSffeMayer of the^ Bragg reflector film of the first conductive type 

fhe aS Jegion the AlAs layer, the distributed Bragg reflector film of the second conductive type and 
he SacSr of the second inductive type, an MOCVD method and an MEB method may be 
use^As a Sod for fomiing the electrode, a vapor deposition method, an ion plating method and a 
sputtering method may be used. 

A mesa structure containing from the contact layer (or the upper part of the distributed Bragg reflector 
Sm Sfthi second conductive type when no contact layer exists) through the AlAs layer is then fonned. 
SThte casft^ea^rve layer of the active region is contained in the mesa structure. Therefore jn the 
cL^e wher^he AlAs layer is arranged under the active region, the mesa structure is formed t° contein 
Vom the contact layer or the distributed Bragg reflector film of the second conductive type through at 
St the A°A^fayerand n the case where the AlAs layer is arranged above the active region, the 
mSa ^mctureirfor^^^^^ contain a spacer layer, which is generally arranged under the active region, 
and I S me disWbutS Bragg reflector film of the first conductive type. In the case where pkjral 
mesa ?ruc?ur2a JTormed, the mesa structures are formed to contain through the d'stnbuted B agg 
reflector fiU^ of the first conductive type. A part of the AlAs layer is then selec ively oxidized. Thereafter. 
ftS wherrfJural mesa structures are formed, a metal capable of forming an ohmic contect w,th 
he buSr layer Ideposited at the prescribed position by a lift-off method to fom. a lower electrode 
That afte?forming ^ resist pattern, a metal is deposited by a vapor deposition, for example, and the 
Alltel fofmfdTthe^S^^^^ is removed along with the resist to leave the metal in directly contact with the 
buffer layer. 

Aftor the nviriatinn of the AlAs laver (in the case where the single mesa structure is fomed) or after the 
Mon S tS lllr^^^^^^^ case where the plural mesa structures are formed), an inorgamc 

SSnS fi rr. is laminated to cover the mesa structure. As a method for lamination, a P'asma-assf ed 
cheSvapor de^^^^^ method, which can form a dense film at low ^'^P^^t^^^-if P^^^^^^^" '"^^^^^ 
Ss^Xre the plural mesa structures are formed, a part of the inorganic insulating film and the buffer 
?ver are removed by a photolithography process or a reactive etching process, to make the respective 
mSa s^Sures ind^ Subsequently, in the case where the P'"^^' ["^^.S^*^^^^^^^^ 

an organic insulating film is laminated to be embedded in regions ^mong the respecb^^^ 
strucUires The organic insulating film is then removed by chemical and mechanical polishing until the 
SnTc insuS film on the upper surface of the rnesa structures is exposed, an^ the central part of 
hp inoraanic insulating film on the upper surface of the mesa structures is removed by 
pho ol% aihyVnd ^ Finally, a metal is formed in contact with an "PP^^^"^f„^"f 
surface of the inorganic insulating film and an exposed part on the "P.P^;;^"^^.^?^.^^^ 
n e a part from which the inorganic insulating film is removed) by a lift-off method, to Produce an upper 
&rode AsTmetal that can be used as the upper and lower electrodes, titanium, gold, platinum, 
zinc, an alloy thereof and a combination thereof may be exemplified. 
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The invention will be described in detail with reference to the drawings. 

EXAMPLES 

Example 1 

FIG. 1 is a cross-sectional view of a surface emitting semiconductor laser device 1 0 of the first 
embodiment Upon production of the surface emitting semiconductor laser device 10, an n-type GaAs 
buffer layer 14, a lower DBR 16, an active region 24 comprising a lower spacer layer 18 comprising 
undoped AI0.6 GaO.4 As, a quantum well active layer 20 comprising an undoped AI0.1 1 GaO.89 As 
quantum well layer and an undoped AI0.3 GaO.7 As barrier layer, and an upper spacer layer 22 
comprising undoped AI0.6 GaO.4 As, an upper DBR 26, and a p-type GaAs contact layer 28 were 
laminated in this order on an n-type GaAs substrate 12, A laminated film of AuGe/Au was allowed to 
adhere on the surface of the n-type GaAs substrate 12 opposite to the surface on which the layers 
described above were formed to form an n-type electrode 30. The lower DBR 16 was formed by 
alternately laminating n-type AI0.9 GaO.1 As and p-type AI0.3 GaO.7 As to a thickness of .lambda./(4nr) 
(.lambda,: oscillation wavelength, nr : refractive index of media) for each by 40.5 cycles, in which the 
silicon concentration as a dopant was 2.times.10@18 cm@-3. The upper DBR 26 was formed by 
alternately laminating p-type AI0.9 Ga0.1 As and p-type AI0.3 GaO.7 As to a thickness of .lambda./(4nr) 
for each by 30 cycles, in which the carbon concentration as a dopant was 3.times.10@18 cm@-3. As 
the lowermost layer of the upper DBR 26, a p-type AlAs layer 32 was formed as a control layer instead 
of the p-type AI0.9 GaO.1 As. The p-type AlAs layer 32 had a thickness of .lambda./(4nr) and a carbon 
concentration as a dopant of 3.times.1018 cm@-3. The number of cycles (number of layers) of the 
upper DBR 26 was smaller than that of the lower DBR 16 because the reflectivity of the upper DBR 26 
was made smaller than that of the lower DBR 16 to withdraw emission light from the side of the contact 
layer. In order to lower the series resistance of the device, a so-called transition region was formed 
between the AIO.9 GaO.1 As layer and the AI0.3 GaO.7 As layer in the lower DBR 16 and the upper 
DBR 26, in which the aluminum composition of the transition region is intermediate between the A10.9 
Ga0.1 As layer and the AI0.3 GaO.7 As layer. The p-type GaAs contact layer 28 had a thickness of 20 
nm and a carbon concentration of 1. times. 10@20 cm@-3. 

A mesa structure was fomned from the p-type GaAs contact layer 28 through a part of the lower DBR 
16 by reactive ion etching using a gas of boron trichloride and chlorine (BC13 +CI2). Subsequently, the 
AlAs layer 32 was heated to 400 DEG C. in a wet oxidation furnace, into which steam formed by 
bubbling nitrogen as a carrier gas in deionized water heated to 95 DEG C. was introduced, to 
selectively oxidize a part of the AlAs layer 32. A silicon oxide nitride film 34 having a thickness of about 
1 .mu.m was then formed to cover the mesa structure by a plasma-assisted chemical vapor deposition 
method at 250 DEG C. A contact hole was formed by removing the silicon oxide nitride film 34 from the 
central part of the upper surface of the mesa structure by photolithography and etching. A laminated 
film of Ti/Au as a p-type electrode 36 was formed at the prescribed position by a lift-off method to 
connect the p-type electrode 36 to the p-type GaAs contact layer 28. so that an emission hole was 
formed. 

The device of this example had the constitution described above, and laser light having an oscillation 
wavelength .lambda, of 780 nm was withdrawn from the emission hole. 

An electric current of 3 mA was applied between the n-type electrode 30 and the p-type electrode 36 of 
the device at room temperature to conduct laser oscillation. The results obtained are shown in FIG. 3. It 
is understood from the figure that, in the device of this example, the output is unchanged for a period of 
200 hours or more, and an extremely stable normal radiation laser device is obtained even when an 
AlAs layer is used as an electric current confinement layer. 

in the surface emitting semiconductor laser device 10, while the silicon oxide nitride film 34 covers a 
part other than the mesa structure, it is possible to cover only the peripheral part and the side surface 
of the mesa structure as far as drop-off of the mesa structure can be prevented. 

Example 2 

FIG. 2 is a cross-sectional view of a surface emitting semiconductor laser device 40 of the second 
embodiment. In the constitution of the surface emitting semiconductor laser device 40, the same 
components as in the surface emitting semiconductor laser device 10 are marked with the same 
symbols to omit the descriptions therefor. Upon production of the suri'ace emitting semiconductor laser 
device 40, an n-type GaAs buffer layer 14, a lower DBR 16, an active region 44 comprising a quantum 
well active layer comprising AIO.9 GaO.1 As quantum well layer sandwiched by undoped AI0.6 GaO.4 
As and an undoped AI0.3 GaO.7 As barrier layer, an upper DBR 26, and a p-type GaAs contact layer 
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28 were laminated in this order on an undoped GaA^^^^^^^^ p^tSS^J^n^rS^^^^^^ 
the p-type GaAs contact layer 28 through lower DBR 16 b^^ ^^^^^ , 

etching using a gas of boron tnchlonde and '^f'o""^ g,^J|e^'2\^ into which 

14. Subsequently, the AlAs layer 32 was heated to ^00 DEG C _in a wet o^^^^ ^ 

steam formed by bubbling nitrogen -^^^-^^[."^Xirv? 

chemical vapor deposition method at 250 DEG a bubsequenijr, arranged among the 

sllfcon oxide nttrtde film 52 = !'''|S'gt^^^^ Srnitride films 48 and 

holes were formed. 

between the n-type electrode 46 and the p-type electrode 54. 

,n the device of this example, by forming t^^^ Jnorgar^^ 'n^^^^^^^^^^ "^Ks la^M^ u'l^^^^^^^^^ 
drop-off of the mesa structures can be prevented ^yen when the A^^^^^^^ 

Furthermore, unnecessary leakage can be P^®^5"J||°y ^^^^^ damage on flattening 

structures with the norqanic insulating film, the VObtL can oe pr«vBiiicu « a 
fhe ^ll^mide by mechlnical and chemical polishing to increase the yield. 

,n the first embodiment of the invention, a surface e^^^^^^^ .^n^^ndlX^ -^^^^^^^^ 

j-£i^°rbe"^?vir»^^^^^ 

mesa sfructure containing the AlAs layer with the inorganic insulating film. 
,n the second embodiment of the — , dro^ 

'eaKage can be prevented by filling 

the region among the mesa structures with an organic film. 
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\A/hat is claimed is: 

1.As.rf^eN«ngsem^ndu«o,,aserdevioeco^^^^^^ 

said active layer, and a control layer formed by oxidEing a (»rt ^'iJ2 j°3f5,';S«l Bragg reflector 
mesa structure. 
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2. A surface emitting semiconductor laser device as claimed in claim 1 , wherein said Inorganic 
insulating film comprises silicon oxide, silicon nitride and/or silicon oxide nitride. 

3. A surface emitting semiconductor laser device as claimed in claim 2, wherein said inorganic 
insulating film is fomied by a plasma-assisted chemical vapor deposition method. 

4. A surface emitting semiconductor laser device comprising an insulating substrate, a buffer layer of a 
first conductive type formed on said insulating substrate, a distributed Bragg reflector film of said first 
conductive type formed on said buffer layer, an active region formed on said reflector film, a distributed 
Bragg reflector film of a second conductive type formed on said active layer, and a control layer formed 
by oxidizing a part of at least one AlAs layer in a vicinity of said active layer, plural mesa structures 
containing from said distributed Bragg reflector layer of the second conductive type through said buffer 
layer being formed, wherein an inorganic insulating film is laminated to cover a peripheral part of an 
upper surface and a side surface of said mesa structures, and an organic films is laminated in the 
region among the respective mesa structures. 

5. A surface emitting semiconductor laser device as claimed in claim 4, wherein said inorganic 
insulating film comprises silicon oxide, silicon nitride and/or silicon oxide nitride. 

6. A surface emitting semiconductor laser device as claimed in claim 5, wherein said inorganic 
insulating film is formed by a plasma-assisted chemical vapor deposition method. 

7. A process for producing a surface emitting semiconductor laser device comprising the steps of: 
laminating, on an Insulating substrate, a buffer layer of a first conductive type, a distributed Bragg 
reflector film of said first conductive type, an active region, at least one AlAs layer in the vicinity of said 
active region, a distributed Bragg reflector film of a second conductive type, and a contact layer of said 
second conductive type; forming plural mesa structures containing from said contact layer through said 
distributed Bragg reflector film of said first conductive type; selectively oxidizing a part of said AlAs 
layer; forming, on said buffer layer, a lower electrode capable of forming an ohmic contact with said 
buffer layer; laminating an inorganic insulating film to cover said mesa structures; removing a part of 
said inorganic insulating film and said buffer layer to make said respective mesa structures 
independent, so as to complete said mesa structures; laminating an organic insulating film to be 
embedded in regions among said respective mesa structures; removing said organic insulating film 
until said inorganic insulating film on an upper surface of said mesa structures is exposed; removing 
the central part of said inorganic insulating film on said upper surface of said mesa structures; and 
forming an upper electrode in contact with an exposed part on said upper surface of said mesa 
structures. 
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a^^t^-y^T'M^'iii, #«*^'?isctc$ii«$ix^. a 

l,ti^WV-^TV^i,z\,i-^}fi\%X'h-ofz. :ifi\,zn 

Lx. m%^'mw\y-^\m--mLi.>.zz:d(5m\.z 
[0003] m^^^i^i^-'fm^cov^t-^X'hh 

&ttim(0^m§^mim (Distributed 
Bragg Reflector, DBR) biJ^h 

irmz^^m-r^^mi^i^—rm^x'h^, zc^m^ 

[0004] m^w^mmmm^v-^mFi- 
<oub-:>i>z. mmmtmrnc^mizA I , Ga,., as 

(0. 9 8Sxgl) ^IfAL, ^IgSaif^^TOcf?. 

f.:i6t. »AL!tAl, Ga,.. AsCO^m^ym^^ 

r7-7-f V 7>fi/^';^ u^-x, 5 

^,111^, 97KA^^>9 9H: ( 1 994^) (App 
1 . , Phys. , Lett. , Vo 1 . 65, 
No. 1, p. 97-99, 1 9 94) tC^^^tT 
V^&tOli, m4l,Z^-tbii^ I no. 2 Gao.g As*» 
^^SSaS^^FvgttaS-, GaAs/A 1 As*^^, 

SD B R(i 1 «i?)G a A s /A 1 A s fUfXim^ tl. 

G a A s «3i)f±g?(c«K2 it-c t ^ -1. . ^ iomwM-imm 
mm.^i^\^—fm^<^smx'(i. t-ry ^h>j ^/y 

^7 S»Si:'>x >y hx.y^y^S?B^«-?TpSGa 
Asja$r3 0^L<{±6 0Aiing£0R?gfcanl-tS. o 
-JV^TEtiiU^pSA 1 AsS$:4 7 5'CtljD3*L/cjr 
c04>-?:'*«j3:}J-Si«B|-tl.. CCO^, rco+tctt^^ 

'jr;ifx-cs>-s.g*S: 9 5x;(c«^nys*&4c4'T>'Nvy 
v^-thz. b\zi. i)%t:>ixhimmmx^tix\^h. 
^aJL;tA 1 AsJi{i«:^r6i*-^>^'<j{cg?'(ti$fi. 
mz\mXC%ivf\,zn -p ft: 2 ~ 8 /X m:ft<OfSlS*gg^$ 
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[00 0 5] tfc. xxb-T-^-<-. ||2 6 8 3#. 
1 14H*»^.l 22H (1 996^) (SPIE. V 
ol. 2683, p. 1 14-122, 1 996) 
fc^^ixfctcOli. 115 iZ^-ftiiiJ I nGaAs*^^, 

o.98Gao.o2As*i}fA$tLT*3 0, MA 1 o.98Ga 

0 . 0 2 A s ijmm-t h t T'x .y ^yifx-y- -^mmim^ t 

Jtf^::ix^<7)A 1 0. 98 G ao. 02 A s Sr^K^^'fflV^-CK 

itth. |!riEStt«^<7)ifi^(cA lo.gsGao.ojAs^r 
#ALf>:>I h ic J: 0 , 2 5 0 O^rai-XhiO^^j&itt ^>ix 

[0006] 

[^Bfl*ijil^L J: 3 t-rS^JS] L*>L. A 1 i8«tf0iS 
V^Al, Ga,., AsS:, ^f^S-dp^ur^'^tLT* 
^S!Yl:-r-l>«^, x^;?hDJ:^^'X l/rJ'-X. ^3 
0^. ^24-f-. 2043K*»^>2044H ( 1 94 
^) (Electronics Lett. , Vo 

1. , 30, No. 24. p. 2043-204 
4, 1 9 94) (C*$^LT»<''.|.<fco(w, Gac7)illiK*<gi: 

#tc^<l:L/i7t'(fC'il'f(:as*«-ts. 0iJ^{±'A 1 A 

s<7)K-ft3SJ^{iA 1 0. ssGao. 02 AsCO^ilOS^TS) 
Al, Ga,., AscO-gBSrS-fk'tSClfcti'jT 

ItiiaA 1 , Gai-x Ascriffl^SrSlJffll-r&ifcti 
L3f)>L.. Al, Gai-, A s omMffllT^E^g 

10 0 0 7] A 1 A s ( x= 1 ) ^•fflV^^;J©^ 

A 1, Ga,., As (x^i) (D^^x^. ^mm 

miO-f-, 1 38 5S:*'4>1 387H ( 1 996¥) 
(Appl. Phys. Lett., Vol.6 
9, No. 10. P. 1385-1387, 19 
9 6 ) tc^S^li. J; a tc. S?-fWicOlL«^:aKJi# (± 

gpmffiiOTj-- s >y 3 y b ^i^^,tz>^<nmmi>zi^ 

[0008] *^BH{i{^|.raSi^5:P^TI.i^c»^^il 



[0009] 

m^t. mm^mcomi^m±izm^^tifzmm9M 
<D^mmmmmmt. mimm±izm^^tifz 

^^jmm^m^mt. miimimmiz^mbtz^j^^^j: 

<ti>l m<^A I A s ®cO-^Sr mtt L7t 3 >- h n-;|/ 
mti^L. '>^:<fctfiiem2»^<7)^^iff«S^ 

[0010] *%Bfl<^^2cO®i»tt, ^iiitt^Kfc . 15 

mimmwi±.izm^^tx.fzm i ^«m<7)^< -y 7 t-ji 
fc s miB^N' >y 7 r -m±izmm^ tifzm 1 »ma<o^^5 
mssMmm±izm^^tifzm^m 
mt. mim'&mmLizm^^tifzm2mmmco^m» 

iSfOA 1 AsmcO-'U^W.i\LLfz-:i>hx:i~}Vmt^ 

mM^wi^-^m^<,zti\\x . ^^^mtmti^ 

t>i.z^^^im.(r)^<nmii.z-^mmm^ixfz^ t ^ 

[00 11] z:lx\ m.wm.im\mim\^m. m. 
-ftm^fg. Ry^/ xiii^im^mb-thzti^X't. 
:lixi^<7)1!mmm^i-r^x■r^^mit^n1s^■mx'm 

[0012] 2|s^H3com3cO»tt{±, ^iktt»K±(C. 

m 1 smaco>'>' >y 7 r -Ji , II 1 m9m<7)^mms^ 
^mm^t. m^mmt. msmitmmi^zismLti'j'^ 
^:<fciiJi<7)Ai AsJih, m2mmM<7^^m^im 
^^mmmt. m2mvM<oay:^^hmtmmL. 
md.^yi'^ vmif-^mm, 1 m^<^^mm'm 
^mtx'^'kts^^mm?:mwm^L. mmA 1 as 
m<o~m^:msmi.zm^L. ms.^'^-yyT-mi.kzmu 

m^-th±x'mi^tmm^w^\^. $<^ic^-tii)t 

[00 13] 
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^tif^m^mmt . mB^itmm±izmsEm i mmmc^ 
mwM<^^mmm.^mmmt. mim^mm^z'^m 

nm<7)±izmftm^izii. :3yha-fi'm^m2mm. 

w.2mmm(r)^m^!m.^mwMm±.^z\±'m2mm. 
m.'^^y'S'^Ym^m'rhztt^x^. ^<7:)^i,zi,i^ 
■'fimii^<^^y'Sf^hm^^ts. ttc. mLtmim 
mMco-i^wmm§'mKmmb<^mziim i mnm(r>^< 

JSRStIS t <rmz'^ 1 >y 7 r -if ^ J^fig L . 

[00 143 LT{±. G a A 

I nP. A 1 GaAs. -if^r-f^^coa^fc LT 

tLTJ±GaAs^S-ffll,^Sit*^f ^^Silfj^ 
^IKStlli: LTJi, AlGaAs, GaAs^SrfflV^ 

Wi. GaAs. InGaAs, InGaAsP, Ga 
y9 7Ymb\^X\iG^Ks^-k<m:th:L}:.ifX% 

-nyy-<r>^\z'o\\xM^ nM^r^>Jfj^y3>', ■»zv 

y. ^ms:t>Uij-if^y. S^. -7^;t->"t7A^?rfflV^ 

[00 1 53 >^^m^(r>iM(m^mfm 
'm'^mjx-m.oi^o^.zwmmmi^m-th. wm, 

mmh LTJi. K-fkttt^*. S^tftv^^. Sl^/XtiK 

m.\m\- ^m^m^^h:itti^x'%h, 
[00 163 i^^mfmwmmmv-^m^Fii^w^ 

co^-9-ffijt$:*-ti.ii^wi. i^^■^mm.(m<r:>wm.z 

^^^zWbhZ.t.t^^t.\^\^, WiSMfcLTJi. mk 



[001 73 «_h(7)E^7^^«:^— rSi^c^KiS:^- 

S:KX<i:SI 1 m^<r)fU y T-MHzy^ 1 mvm.(r)% 
Mmm.^mmim:m^ l , i ««Mc^»f jia 

<C^c7)«tt««{-5£« L7ti!'-^< <!: 1 A I A s if 
^JK^L. vStt«i^{iA \ iKsmi)iz%2m-^<r>^ 

mmm^mwrnk-^jm}^. %2m^<r>mmm. 
t^m^^mHzw. 2 mmM<r> ay^^vmi 'mii^htt 

mizTUW&^mwi'th . m 1 mmm.<^f^'y y r-m. 

m\mmm<7^'^Mmm.^mKmm. jsttfs^, a i a 
w,2mmm.<r>^m%m^^mKmm. y^2mmm 

<7)ziy9'^ y'm<nm^'}iWi}:.LX\t. MOCVD^. M 
[00183 <5:(C. ^^h'JVi^'^^-i'St/i^x-yf-V;/ 

m<^k'^(r)-n'&^n\^x^y^ 9 YM {ny-97\-mif 

ts:\^^^z\±. m2»^cO^^JiJlS^iiKI*MiO± 

m) ij>t>^^£< t a 1 a ss^■^t^^^^«Ji^•JglS-r 
t^^T. A 1 Asa3&ivStt««w-iea§ix^« 

RftHl*-^>il'->5r< ttA 1 As;i^-i!-t?J:^{c^-^«3t 
SrJ^^L, A 1 AsaA^-vStt^WcOitciSS^nS^ 

itsr»^^^. ^rfc, mm<^^^mm^:m^-ti>^i>z 
a. mimmM<r^mw:m.pmmimx'?:ists^^ 
wm^mm-th. i5cv%T. a i a sJi<D-si52-ss?w{: 
mittt, ^com. m^(oj<-^mm^mm-^m^iz 

{±. >''<-y7r— Si:5j--5 hSrlXSii:*^ 
X^ S^JBSr 7 h;t 7aT'3f«<7>fig{cj^BgL. TfflJ 

flSi^Jg^-r BP*>. X^zJXhJ-^^-y^mi^Lfz 

[ 0 0 1 9 3 A 1 A s e'7)B?^t;f* (#-co^-9-ffljtS:?B 

m-ti. mm:mttxii. m&xmim^j:m^m^-ti 
zti>^x$ ^y'yx^^it^%mm-g:mtmt 
i«S£o^-9-flijts-m-rs«^i:{±. mz. ^M^m 
ifim.'t^ J: 0 lizmsimm&mm/tm^^ -/yr-m 
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f^i:^ixtcm) izm:thXdi,zmfS.L. ±ummi 
imth. ±3RxrF^vmi,zm\>^h:itt/^x'^h^m 

^m\,zztit,(om?*.'^h'±m^mfhzbm'^^. 
:oo2o] 

•tf*^ 1 Oc7)S3tT«i. t-f. nSGaAsS«12± 
IZ, nMGaAs/N'-y7T-Jil41:, T^DBRl 6 
t. ryH-r(^Alo.6 Gao.4 As*>^,55:I.TaP>!. 
^-•^118, T>-K-rOA 1 o.uGao.sgAsfi^ 

^pmrn/ry K-r<^A i «. 3 g ao. 7 a s 

0.6 Gao.4 As*^4,5r-S±gpX'<— )f®2 2 5:-^t?vS 
tt«l«24fc. ±gPDBR26fc. p®iOGaAsa> 

«1 2£0;ixfe<7)Ji35iJgB£$ii/iffi!lt{SS*f(ili0^f*C:: 

Knzn/KxKTinmm^mmvxnmMmso^m^ 

Ltz. iCf. TSSDBRl 6{i:nScOA I0.9 Ga 
0.1 AsfcnM«Alo.3 Ga 0.7 AsfcS^/rJf? 
A/ ( 4 n, ) ( A : n, : «air)gtff*) 

i'U3>'m^a2xi0i8cm-3tt/c, ±^D 
BR2 6{ipa<7)Alo.9 Gao.i AsfcpS<7)Al 
0.3 Gao.7 AstS-#^ff$A/ (4n, ) -r^-:?^ 

{iSX 1 Oi8cm-3i:L7t. ffiL. ±S?D B R 2 6 1*1(0 
]i:Ta{C<ipMOA I0.9 Gao. 1 As<7mh^l,zay 
ha-/Wfli; tfcOpScOA 1 As«3 2SrJg^L./;. 
^OpMcOA 1 AsJlB 2{i;?§A/ (4 nt ) T\ h' 
WN-y h<0;<7-*:>-itS(43 x 1 Qis c m-s t L;t. ± 
gPDBR26Wjgm (am) SrTgPDBRl 6(0-?-iX 
i'?*>i!'-'3r< tTV->Scr)(±, ±gPDBR2 6<7)KI**S: 
T^DBRl eco-eixJ; 0/jN§< tTtiitf3t^3>^^ 

5:T{f T^DBRl 6fc±a5DBR2 60A 1 

0.9 Gao.i AsiitAlo.a Gao.7 AsS^StC 



^Lit. pS£^GaAsa>:J'^hjl2 8cOJ^Ji2 0 
[0021]<5:t=, pMcOGaAsn>'^'^'hjg2 8*» 

<c>TfPD B R 1 6<n-'mx'^^woi-^'^nm/wk 

(BCI3 +Cl2 ) ;<fxSrlBv^/cSjett^^>x-y^ 

t^T. Al AsJi3 2 2-4 0 0*a'JlI?*L, ^(Ty-Utz 
l/xmcoi^yrjy^^l:Jl3 4 2:«Jlt:^c, y^t 

«ii36T'*i.Ti/Au <nnmm^m%<r»^mizm^ 

LT pSm@ 3 6 ^ P MiOG a A s 3 y^' ^' h 2 8 i: 

[0022] *3l^«fiUb»J: d tClS^S^l. 
A : 7 80nm<7)L.— r3fe$rajS=fp*>^IR*)a5-r. 

[ 0 0 2 3 ] *«^nSmffi3 0 k pM«ffi3 6 fcO 
S{:MaT3mAcr)«iS^0gL, U— f?g^i§^To;tfe 
m?rH3lcS^'t. CltfOia*^^,. 2oo^rati±co^m:JD 
^-(t*>*^<^^^l-f. AI As«2r«ea*^^(Cffl(.^;t 

[ 0 0 2 4 ] =5rt>, CcOfflfM^i^f*:!^— rig-? 1 0 
T'tt, >'Ur3yi!M-f!:ll3 4{i>-9-1«JtJj^hcOgP^)-t>a 

<«t#ij2) ia2<±. ^2cr>mMm(n'mmM^w\y 

fti^-- !f«^-4 0(o;^^{c*>uT, mmM^wv- 
1 0 lai t t,cotcov^T{ii5i t^^■§■$r^'t t 

itT'(±. t-^, ryH-rO a A s«:^4 2±{C. nS 
GaAs>'^-y y-r-Jil 4i:. TSPDBRl 6t. Ty 
F-T<OAlo.6 Gao.4 P^sdZ^VY^ -v^^tlk^ 
Alo.9 Gao.i AsS:T-#FaWTyK-rc7)A 1 
0.3 Gao.7 AsKM®*>/i>^r^i^^#FvSft®^*tf 
«e«m4k. ±a!DBR2 6i;. pSoGaAsa 
y:J'^FS2 8i^«<J:«eL;t. JXtC. pS^OGaA 
snyrJ'i? hB28*^A>TgPDBRl 6$:, nSGaA 
s ■/ :7 r -il 1 4 *^'Sa}-^l> Xot,zyirY^)vy^y 
-f kHS-ffc^n^^at^ig* ( BC 1 3 +C 1 a ) ^'X^ 

fflv->itaEe>( ^yx -y ^y^j^tc i 0 . ^-tMiittcSio: 

L/i, «?»-^r. ^^rUT:^XX'htmmi9 5^CI,Ztm. 
^^AL^vT'^xvhKibFt^t:, AlAs«3 22r4 0 
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tc . n MG a A s A' .y 7 r -a 1 4 *^'Stil LtzU^cO^ 
^cOfiMfcA u Z n/A u <oaJill*»fe^:l) nS«fil4 

5 J: d ic. r7Xv5:S{l:^^m*«t3T. 2 5 o°c 

T'*<Jlx<niC0S^'j3y®!g-f|:JK4 8&«liUs:, 

T, i'D3y^-ftJi4 8. nSGaAsA*<y7r-l 

1 4 Rt/ry F-r G a a s a«4 2 cr>^ -^-ffiji^tCii 

^v^T. ;'<-9-«jgrat^'J^ $ b'5 OS: 
SH^ Sid (CJ^^ Lfz.mz. i^^Jaym 
m.im4 8<7)pacoGa As 3^:5'?' VJi2 SilcCtS 

■t^^m^mm-r^ x d tc-i^ >; s k 5 o ^mmj. ft 

mffl«;RS{;:T, 2 3 O'Ct'**;! ^imcOi^U ay^Mft 
M5 2 5:«)lt)t. »:V^T\ 7* hUy^77 ^ i:X>y 

^y^'c J; o r . mz^^mm(7)±mco'p^m'i^ -> u 
aymmim4 sm/s 2 ^m^Lx 3 y^ 7 

^Jg^tfc, ^V^T, y7h:t7ST'Bf^i7)fi[StCpS 

5 4 TS) I. T i / A u <7)^BM5rm LT P S«S 
5 4 S: pScOG a A s a y ^ M 2 8 kSf^-r^ 

[0025] *3g^(iHi:0 J: 3 tftBK^ix. nSmSi 
4 6 1 pa«fii5 4(cm»K^3E-r>Itt:iJ:o-r^««ft 
A : 7 80nmOW— tf3t5:aiWP*^'=>lXOtt5-r. 

c 0 0 2 6 ] X 0 izmmm 

m^^m-t:itx\ A \ Asm^%mkmmizm^^tz 

<^'9 r?y^;? h«±{ciBE$ixS pMmfli<0BfJS3&''(ie 
^WWeic J; -5TTlfl-ft;-t.5J^-et> V c s E L**a« 

[00 27] 

[^B^iOSS*] <0®tt{i. A 1 A s«S:-^ 



[ 0 0 2 8 ] ^7t, ^%m<^^2<^)wmi. um^m. 

mmMi!bh:itt,zx^x, mMeomm^^m^'j-'? 

m±-r^zt*<x'^^. 

[002 9] ^%mcom3<^mmii. m^t^^ 

mi 1 ^ftm<Dmimmi:7P-tmmmTh^, 
m2'i :^^m<^m2mmm^ff:-tmmmx'h^. 
m3i *i&Hflco^ 1 mmmizi5\^xim^titzmftit 
m^mi^^-i'm^<7)m^mi<Dm^x-h h , 
104 1 vmm^7?(tm\mx'hh. 

1 0 mmm.^w\^-fm^ 

12 nSGaAsSfiC 

14 naGaAs-'-\-y7r— Jl 

16 T^DBR 

1 8 T^X^—fm 

2 0 »i^#FvS1t)l 
2 2 igPX'^— tfS 

2 4 m^mm 

2 6 ±gPDBR 

28 pScOGaAsny^':7 hJl 

3 0 nSmS 
32 AlAsil 

34 i^u^ymm^mmmmm) 

3 6 psmsi 

4 0 mmm^mi^u-^m^ 

4 2 TyH-TGaAsa:^ 

4 4 m^mm 

4 6 nM^S 

4 8 >- U 3 yUg^lJS (ilS^M) 

5 0 --KU^SK 

5 2 i^'J nylgg^tlS 

5 4 pmw& 
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P-GbA J 



P-A I As 
y /^A I X O V 

:}l nGaAs/GBAft QW* 
^n-AIAs/GaAft DBR 



-n-GaAsj 
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[021 




---42 
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[031 




